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I. Introduction

Monsanto Company has submitted an application for FIFRA Section 3 registrations for MON
89034 x TC1507 x MON 87411 x DAS-59122-7 combined trait comn (EPA File Symbols 524-
AGE and 524-AGR). MON 89034 x TC1507 x MON 87411 x DAS-59122-7 comn was
developed through conventional breeding techniques, and contains multiple plant incorporated
protectants (PIPs). PIPs are pesticidal substances produced by plants and the genetic material
necessary for the plant to produce the substance. The PIPs in MON 89034 x TC1507 x MON
87411 x DAS-59122-7 com include several Bacillus thuringiensis (Br) derived proteins and a
double-stranded RNA (dsRNA) transcript, all of which confer resistance to certain insect pests.
Specifically, MON 89034 x TC1507 x MON 87411 x DAS-59122-7 comn expresses Cryl A 105,
Cry2Ab2, and Cry!F proteins for control of lepidopteran pests and Cry3Bb1, Cry34Abl,
Cry35Ab] proteins for control of coleopteran pests. The double stranded RNA {(dsRNA)



transcript, DvSnf7 dsRNA, is expressed by MON 87411 within this product. DvSnf7 dsRNA is
derived from westerm com rootworm {Diabrotica virgifera virgifera, WCR), and is included to
target this pest. Additionally, MON 89034 x TC1507 x MON 87411 x DAS-59122-7 com
expresses the 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) protein from
Agrobacterium sp. strain CP4 (CP4 EPSPS) and the phosphinothricin acety! transferase protein
(PAT) from Streptomyces viridochromogenes, which confer tolerance to the herbicides,
glyphosate and glufosinate-ammonium herbicides, respectively.

All of the PIPs included in MON 89034 x TC1507 x MON 87411 x DAS-59122-7 comn have
been registered in other single and/or combined trait products, and ecological risk assessments
have been completed for each of these events. However, MON 87411 and the DvSnf7 dsRNA
that it expresses were previously only registered for seed increase, so this proposed registration is
for the first full commercial registration for this PIP. DvSnf7 provides a new and unique mode
of action by utilizing RNA interference to downregulate an essential protein in the target pest,
leading to mortality. Because of uncertainties related to dsRNA based pesticides, EPA limited
its previous ecological risk assessment conclusions for DvSnf7 to the conditions of the seed
increase registration, and required additional data to support a full commercial registration.

This risk assessment includes a review of these new data for MON 87411 and an update to the
risk assessment conclusions for the full commercial registration of the DvSnf7 dsRNA expressed
by this event. Therefore, this risk assessment is for the combined trait product, but focuses more
specifically on the DvSnf7 dsRNA expressed in MON 87411. An assessment specific to DvSnf7
dsRNA is presented first below, followed by an assessment of the MON 89034 x TC1507 x
MON 87411 x DAS-59122-7 combined trait product.

. Ecological Risk Assessment for DvSnf7 dsRNA
A. General Approach to Ecological Risk Assessment for PIPs

EPA’s current ecological risk assessment approach for PIPs was developed primarily from
experience with Br-derived Cry and Vip proteins. These proteins are generally understood to be
specific to their target pests and related insects within the same taxonomic order, and with nearly
two decades of history indicating safe use, EPA considers the current approach sufficient for
determining ecological risks of Br-derived protein PIPs.

This approach is described in several Biopesticide Registration Action Documents {BRADs) for
Cry or Vip proteins (e.g., see U.S. EPA 2010a, pages 65-69). To summarize, the approach
consists of a tiered testing scheme (Tiers I - V) that is focused on hazard determination, and
testing is based on the microbial pesticide data requirements published under 40 CFR 158.2150
and their associated 885 and 850 series OCSPP Harmonized Guidelines. At Tier I, studies are
designed to be simplified and to estimate of hazard to several nontarget taxa under “worst-case”
exposure conditions. A lack of adverse effects under these conditions would provide enough
confidence that there is no risk and no further data would be needed. Screening (Tier I)
maximum hazard dose tests are conducted at exposure concentrations several times higher (e.g.,
>10X when possible) than the highest concentrations expected to occur under realistic field
exposure scenarios, with mortality as the toxicological endpoint. A threshold of 50% mortality is






which was extended in 2016 to March 2017. The ecological risk assessments for these EUPs
relied primarily on data demonstrating the specificity of the DvSnf7 dsRNA for the WCR target
pest as well as rationale describing barriers to uptake of the DvSnf7 dsRNA in nontarget
organisms. In light of the limited acreage involving MON 87411 and MON 87410 and the
limited duration, EPA determined that the risk of adverse effects to nontarget organisms was
minimal.

Due to anticipated increased interest in registering dsRNA-based pesticide active ingredients and
uncertainties related to this new technology, EPA consulted with the SAP for guidance on
assessing risks from these pesticides. This guidance was sought with consideration of EPA’s
current nsk assessment framework and the framework’s ability to address uncertainties that were
identified for dSRNA-based pesticides. The meeting of the SAP was held January 28, 2014, with
minutes published in May of that year (FIFRA SAP 2014). The SAP consultation was held
independently of any registration involving a dsRNA based pesticide, including MON 87411.
However, advice provided to EPA by the SAP was expected to affect the risk assessment of
MON 87411.

In October 2015, EPA granted a FIFRA Section 3 limited seed increase registration for MON
87411, which was limited to two years and restricted to 15,000 acres per year. Initially,
Monsanto Company proposed this registration with the standard limits for a seed increase
registration of 20,000 acres per county and up to a combined U.S. total of 250,000 acres per PIP
active ingredient per year. In light of uncertainties discussed at the SAP meeting and
recommendations of the SAP, EPA initially found the data supporting the original registration
proposal to be deficient, and issued a deficiency letter during the course of review, which
requested additional data. Monsanto Company submitted a response to the deficiency letter
(MRID 49553302), which consisted of rationale that provided additional information from public
lterature to support a justification for no additional testing. Monsanto Company also requested
the limitations to the proposed registration that are described above. EPA determined that the
data submitted to support the ecological risk assessment for DvSnf7 in MON 87411 was
sufficient for the limited registration, but that in light of uncertainties discussed at the SAP
meeting additional data would be required to support the full commercial registration. These
data are reviewed herein and are considered in the context of environmental exposure relevant to
expression and environmental fate of DvSnf7 in MON 89034 x TC1507 x MON 87411 x DAS-
59122-7 cormn.

C. Environmental Fate of DvSnf7 Expressed in MON 89034 x TC1507 x MON 87411 x
DAS-59122-7 corn

Environmental fate for PIPs is largely influenced by expression levels of the PIP pesticidal
substance within plant tissues and degradation of the PIP pesticidal substance within the
environment. However, deposition and imnovement of the plant tissues in the environment;
degradation of the PIP pesticidal substance within plant tissues; and deposition, movement, and
degradation of the PIP pesticidal substance in the environment also affect environmental fate and
exposure to nontarget organisms, and are considered in PIP risk assessments. The expression of
DvSnf7 in MON 89034 x TC1507 x MON 87411 x DAS-59122-7 is discussed below, along with
its fate and resulting exposure estimates in terrestrial and aquatic environments.



1. Expression of DvSnf7 in MON 89034 x TC1507 x MON 87411 x DAS-59122-7
corn

Field exposure rates are typically based on expression levels within the plant for PIP pesticidal
substances. For the purposes of the non-target organism risk assessment of DvSnf7 in MON
89034 x TC1507 x MON 87411 x DAS-59122-7 corn, estimated exposures are based on the
highest concentration of these active ingredients expressed in corn tissue(s)/organ(s) based on
expression studies. For Cry and Vip proteins, expression studies measure protein expression; for
DvSnf7, the expression of the DvSnf7 dsRNA is measured. Fresh weight and dry weight
measurements of the expressed product per gram of corn plant material are typically determined
for PIP pesticidal substances; however, worst-case estimates of exposure are based on dry weight
measurements, since fresh weight measurements can be highly variable (FIFRA SAP 2001).

For MON 89034 x TC1507 x MON 87411 x DAS-59122-7 corn, dry weight (dw) expression
levels of DvSnf7 dsRNA in various plant organs and tissues collected from trials within the U.S.
in 2013 are shown in Table 1. Expression in the single trait corn (MON 87411) from organs and
tissues collected in the same trials is also shown for comparison. Expression levels were
determined using the QuantiGene® Plex 2.0 Assay {Affymelrix, Inc.; Santa Clara, California),
and the full analysis is described in MRID 49781804. Review of these data is given in USEPA
(2016). Expression of DvSnf7 in MON 89034 x TC1507 x MON 87411 x DAS-59122-7 com is
expected to be comparable to its expression in the MON 87411 single trait corn, and this
expectation is supported by the data shown for each type of com tissue/organs in Table 1.

The data from the U.S. trials do not show the trend in exposure over the season, which is
important to the ecological risk assessment. A lack of trend data limits EPA’s understanding of
the fate of DvSnf7 over the growing season and beyond. However, such trend data were
collected for DvSnf7 expression in MON 87411 in trials conducted in Argentina in 2011-2012.
These data are shown in Table 2. Results of expression measured at similar growth stages as
given in Table 1 are shown in boldface type, and show general agreement in expression levels
with minor variation. In the Argentina trials, the highest expression was observed early in the
season with measurements on the whole plant. Similar data were not provided for either the
single- or combined-trait corn for the U.S. trials, but trends in expression over time are expected
to be similar. The highest expression for MON 89034 x TC1507 x MON 87411 x DAS-15822-7
and MON 87411 com in U.S. trials was seen in leaves early in the season, based on the data
provided. These values may be used as an estimate of highest expression in the combined-trait
com; however, without a full set of data, there is some uncertainty that early season
measurements on whole plants may be higher. Similarly, while the U.S. trials showed very little
expression in pollen, measurable expression was observed in pollen in 25% (5 out of 20) of the
samples taken in the Argentina trials. Therefore, an assumption that DvSnf7 is not expressed at
all in MON 89034 x TC1507 x MON 87411 x DAS-15822-7 pollen is premature, although, if
expressed, it is expected at very low levels relative to other plant tissues,

The data in Table 2 also show a general trend of decreasing expression over the growing season.
After senescence, expression is approximately 17 times less than the highest expression during
the growing season when comparing mean values for Over Season Root (1) to Senescent Root,



and approximately 130 times less when comparing mean values for Over Season Whole Plant (1)
to Stover.

Table 1. DvSnf7 dsRNA expression levels in organs and tissues collected from MON 89034 x
TC1507 x MON 87411 x DAS-59122-7 and MON 87411 corn plants in U.S. trials in 2013.

Mean pg DvSnf7 dsRNA/g dw tissue £ SD

{Range)
Tissue Type Crop Development MON 89034 x TC1507 x MON 87411°
Stage® MON 87411 x DAS-59122.7°
89 x 109 25 x 107 97 x 107 +29 x 107
Over Season Leaf vz-vd (@1 x 107 - 132 x 107) (53 x 107 - 151 x 107)
28x 107 + 15 x 107 32x 107+ 14 x 107
Over Season Root v2-va (10 x 10° - 58 x 10%) (11 x 107 - 59 x 10%)
Over Season Whole VI0- VI 25x 107 +£55x 107 26x10°£7.7x10°
Plant - (16 x 107 - 37 x 10%) (17 x 10° - 50 x 10%)
0.52 x 1073°¢
d
Pollen Rl N/A AR
Forage RS 3.2x 107 +£0.82x 10? 40x10%x14x107
g (1.7 x 10 - 4.4 x 10%) (0.90 % 107 - 6.2 x 107)
Forase Root RS 1.9x10% £ 12x 107 23x 107 1.7x 103
E (0.65x 107 - 5.8 x 10%) (0.57 x 102 - 6.1 x 10%)
Grain R6 0.089 x 107 0.032 x 103 0.084 x 107 £ 0.039 x 10°
(0.045 x 103 - 0.15 x 107) (0.033 x 107 - 0.18 x 10%)

* Crop development stages at which each tissue was collected.

b Means, SDs, and ranges calculated from data collected at 5 sites (n=20, except Over Season Root where n=16 due
to unexpected result in four samples, and pollen where n-0)

¢ Means, SDs, and ranges calculated from data collected at 5 sites (n=20, except Over Season Whole Plant where
n=i9 due to unexpected result, and pollen where n = 1)

¢N/A = not applicable; expression in all samples was below Limit of Quantitation (0.29 x 10 pg/g fresh weight) or
Limit of Detection (0.065 x 10~ pp/g fresh weight)

* n=19; expression in 19 of 20 samples was below Limit of Quantitation (0.24 x 10" ug/g fresh weight) or Limit of
Detection (0.056 x 10~ pg/g fresh weight)

Table 2. DvSnf7 dsRNA expression levels in tissues/organs collected from MON 87411 com
plants in trials Argentina, 2011-2012.

Tissue Type Crop Development Stage Mean pg DvSnl? dsRNA/g dw tissue + SD
(Range)
739 x 10° £ 14.5x 103
Over Season Leaf (1) V3- V4 3% 105 103 3 10%
67.3x10°+194x 10°
Over Season Leal (@) ve- Ve (371 x107-98.9x 10%)
446 x 107 £ 851 x 107
Over Season Leaf (3) VI10- Vi3 (27.5 x 107 - 58.8 x 109)
il .3
Over Season Leaf (4) V14 -RI 569 x 107+ 285x 10

(22.1 x 107 - 153 x 109




Tissue Type

Crop Development Stage

Mean pg DvSnf7 dsRNA/g dw tissue + SD

(Range)

23.9x 10 = 15.1 x 197

Over Season Root (1) V3i-Vv4 (12,5 x 107 - 67.0 x 10°%)
Over Season Root (2) V6 - V8 (15663;; ll?]z:f2458; : :3:)
Over Season Root (3) V10- VI3 (15(.]5’; . '1?;3 * 24":; : 113.':)
Over Season Root (4) Vi4-RI (62‘;1’; 'l%'_jj’_h ffg: 1]3:;)
Over Season Whole Plant {1) V3i-v4 5541'_81 xx IIO[:;i_ g?f: 1109;3)

Over Season Whole Plant (2) V6 -Vv8 (5353; .loxx IIO(;i. ?36! : IIOQ;;

Over Season Whole Plant (3) ViD- V13 (21!:.;?] i llgif::g: 113:)
Over Season Whole Plant {4) V14 - Rl (11253 1 11(3135 3?2227: :333)
- Zprwsimar
» sy
Senescent Root RG& (:]34?’,; :2;?_038613 : ll 3:)
Stover R6 ?06: g lxxl :]033i- OI..zﬂTxxl i]of*;
. senwean

Grain R6 0.104 x 10 £ 0.033 x 10?

(0.056 x 10 - 0.175 x 10)

* Crop development stages at which each tissue was collected; growth stages were described by Ritchie et al. (1997).
b Means, SDs, and ranges calculated from data collected at § sites {(n=20, except senescent root n=19, stover n=16,
pollen n=5, and grain n=18 due to expressions from two polien samples that were <LOD and from the rest of the
samples for senescent root, stover, pollen, and grain <LOQ).

2. Fate of DvSnf7 in the Terrestrial Environmental

The primary source of exposure of terrestrial nontarget organisms to the DvSnf7 expressed in
MON 89034 x TC1507 x MON 87411 x DAS-59122-7 corn is expected to be the com tissue.
Movement of corn tissue influences the distribution and fate of DvSnf7 in the environment, since
corn tissue will carry DvSnf7 to wherever it may move. How much DvSnf7 moves within the
environment depends on what organ or tissue is moved and when, since expression levels differ
between corn tissues, and change within them over the course of the growing season.



Prior to harvest, the majority of com foliage expressing DvSnf7 will be contained within the
planted field. Some breakage of foliage and other above ground plant parts may occur, which
could result in their deposition outside field borders; however, movement of above-ground plant
parts beyond the field border is expected to be minimal prior to harvest. Within soil, exposure is
expected to be primarily limited to the roots, although sloughing of root cells into the
surrounding soil will also occur. It is not known whether DvSnf7 would be present in root
exudates, though upon root cell lysis, small amounts of DvSnf7 could be released into the
surrounding soil.

During anthesis, corn pollen will shed and will be deposited on surfaces, including other plants,
within the field and beyond the field borders. EPA has previously evaluated the potential for
distribution of PIPs as a result of corn pollen deposition {(USEPA 2010b). Corn pollen is of
relatively large size among wind dispersed pollens (90 — 100 pm), which is thought to give it a
greater tendency to settle out (Pleasants et al. 2001). In a study on milkweed plants in and near
corn fields, Pleasants et al. (2001) showed that the majority of com pollen stays within comn
fields, and pollen levels follow an increasing trend with distance into the field (e.g.. at one site.
147.5 grains/cm? were found on milkweed plants at 25 m into the field, whereas 55.5 grains/cm?
were found 3 m into the field). In this study, mean pollen densities ranged up to 425.6
grains/cm® at 100% anthesis. Densities were also greater on milkweed plants growing within
rows compared to those growing between rows, which shows higher deposition directly below
the corn plants compared to immediate adjacent areas. Relatively small amounts of pollen
dispersed beyond 5 meters from the field edge. Raynor et al. (1972) found that 63% of corn
pollen remained within fields, 88% settled within eight meters of the field edge, and 98% settled
within 60 meters. Only 0.2% of pollen was deposited at greater than 60 m from the com field
edge. Based on these data, density of corn pollen is understood to drop off very steeply within
10 — 15 meters from the edge of the field. These studies have shaped EPA’s current
understanding of PIP environmental fate resulting from pollen movement. More recent work has
been done (e.g., see Gathman et al. 2006, Hoffman et al. 2014, Lang et al. 2015), and although
sampling methods, sampling duration, and data analysis vary among all of these studies, they
show similar deposition patterns, providing additional support for EPA’s current understanding
of this process as it affects PIP environmental fate,

After harvest, corn tissue may be left on the field, where it may remain or be subject to
movement by wind and water. The amount and distance moved is not known and is expected to
vary, but uitimately corn tissue that remains in the terrestrial environment is expected to become
a part of the plant detritus upon and within soil. Additionally, com plant material left on the field
may be tilled into the soil. Eventually, cells of corn tissue will lyse and release into the soil any
DvSnf7 that has not been broken down within the plant. Therefore, soil is expected to be the
ultimate destination of DvSnf7 in the terresirial environment.

Monsanto Company calculated an estimate of the maximum amount of DvSnf7 that could be
present in soil, assuming all plants in a comn field are incorporated into the top 15 cm of soil. The
estimate is based on an assumption of 9,000 1bs of com plant residue at harvest (based on an
assumption of 150 bushels per acre yield, as described in MRID 49315122), a maximum
expression of 85 ng DvSnf7/g dw com tissue (based on Over Season Whole Plant (1) value in
Table 2), and soil bulk density of 1 g/cm* (based on soil bulk density ranging from 0.92to 1.3 g






However, based on the results of this study, once it reaches the soil, it is unlikely to persist or
accumnulate.

3. Fate of DvSnf7 in the Aquatic Environment

As with terrestrial environments, movement of corn plant foliage beyond planted fields and into
nearby aquatic habitats is expected to be limited prior to harvest. Pollen shed may deposit
DvSnf7 into aquatic areas, though as described above, aquatic areas that are further than 10-15 m
from the edge of a comn field are expected to receive minimal amounts of pollen expressing
DvSnf7. DvSnf7 is also expressed at very low levels in MON 87411 and MON 89034 x TC1507
x MON 87411 x DAS-59122-7 pollen. Therefore, pollen from these com plants is not likely a
major contributor of DvSnf7 to aquatic exposure.

Post-harvest corn plant residue can enter nearby waterways, and may do so in large amounts in
areas where com is predominant within the landscape. Movement occurs by the action of wind
and water (Griffiths et al. 2009, Tank et al. 2010) and inputs occur primarily in late fall and
winter (Rosi-Marshall et al. 2007). All portions of corn plants that would be left over after
harvest are typically observed in nearby aquatic areas, including leaves, stems, and cobs (Tank et
al. 2010).

Much of what is understood about the environmental fate of PIP pesticidal substance comes from
studies with Bt derived proteins (primarily Cry | Ab) in com. With respect to aquatic nontarget
exposure, EPA’s position has been that concentrations of Cry proteins in water due to pollen
shed have not been high enough to cause concern for potential adverse effects due to generally
low levels of expression in pollen and low amounts of pollen entering nearby waterways. With
respect to the potential exposure resulting from entry of comn detritus into aquatic systems,
EPA’s position has been the following:

“...while postharvest crop residue was identified as the most likely route of exposure (Carstens
et al. {2012]), aquatic exposure to biotech crops hus been shown to be limited temporally and
spatially with low to negligible exposure concentrations of Cry proteins in post-harvest crop
tissues (Swan et al. 2009, Chambers et ul. 2010, Jensen et al. 2010, Wolt and Peterson 2010,
Carstens et al. {2012])” (USEPA 2010a, 2010b).

These conclusions were initially made in 2010, and in light of them, EPA has assumed that
exposure in aquatic environments resulting from entry of com plant debris into water is low, and
has thus not required studies on aquatic species to support Bt PIP registrations. EPA’s general
understanding based on research on this topic is that corn plant debris does not enter nearby
waterways in any predictable pattern, and once it does, it is broken down somewhat rapidly first
by microorganisms and physical means, and later by invertebrate consumption (Griffiths et al.
2009, Tank et al. 2010). Corn tissue must break down somewhat in the water for one to two
weeks before it is suitable for consumption by invertebrates (Chambers et al. 2010, Jensen et al.
2010). During this time, leaching of the Cry protein from leaf tissue is rapid, though it is not
necessarily complete (Chambers et al. 2010, Bottger et al. 2015, Strain and Lydy 2015).
Therefore, Cry proteins are not considered to be present in comn detritus in significant amounts
by the time aquatic invertebrates would be able to consume it {after approximately two weeks).
Corn leaf detritus takes approximately 60-70 days to completely break down in water {Wolt and
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Table 3. Summary of data submitted for DvSnf7 dsRNA to comply with data requirements
published in 40 CFR § 158.2150.

Data OCSspP Test Results Summary and Classification MRID
Requirement Guideline | Substance No.
Avian dietary 885.4050 MON 87411 | A 42-day dietary study showed no adverse effects | 49315111

testing, corn grain on survival, broiler performance, or carcass yield
broiler chicken, in breiler chickens fed a diet containing 57%
Gallus domesticus MON 87411 grain.
Classification: Supplemental
Avian dietary £50.2100 Invitro A dietary study showed no adverse effects on 49886501
testing, transcribed | survival or body weight gain of Northern
Northern bobwhite DvSnf7 bobwhite with a 14-day exposure to DvSnf7 at
(Colinus 1000 pg/kg diet.
virginianus) Classification: Acceptable
Avian inhalation 885.4100 N/A Not required. Inhalation is not expected to be a N/A
testing route by which birds may be exposed to DvSnf7
dsRNA.
Wild mammal 885.4150 N/A Studies with laboratory animals and additional 49505804
testing rationale are sufficient to determine risk to wild 49505806
mammals. Adverse effects were not observed in a
28-day mouse study with purified DvSnf7 dsRNA
or in 2 90-day rat study with MON 87411 com
grain included in the diet at 33%.
Classification: Acceptable
Freshwater fish 885.4200 MON 87411 | In an 8-week study, consumption of MON 87411 | 49505805
testing, corm grain corn grain at the exposure level tested (30% of the | 49553302
channel catfish, diet} had no adverse effects on survival, weight
fetalurus punctatus gain, or diet conversion. Additional rationale also
supported (his data requirement (see freshwater
invertebrate testing below)
Classification: Supplemental
Freshwater 8854240 N/A Submitted rationale provided justification for not | 49553302
invertebrate testing testing [reshwater invertebrates. Exposure to
DvSnf7 is expected to be low and it is not
expected to persist in aquatic environments.
Classification: Supplementa)
Estuarine and 885.4280 N/A Data were not required, since significant exposure | N/A
marine animal is not expected in these environments,
iesting
Non-target plant 885.4300 N/A Not required. Exposure to nontarget plants is N/A
testing expected to be minimal.
Non-target insect 885.4340 In vitro No adverse effects on survival, development to 49315114
testing, lady beetle, transcribed adult siage, time to emergence, or adult biomass
Coleomegilla DvSnf7 were observed in C. maculata fed 1000 ng
maculata DvSnf7 dsRNA/g diet for 21 days.
Classification: Aceeptable
Non-target insect 885.4340 Invitro No adverse effects were observed on adult 49355115
testing, parasitic transcribed survival in P. foviolatus fed a 30% honey/water
wasp, Pediobus DvSnf7 solution containing 1000 ng DvSnf7 dsRNA/g
Joviolatus diet in a 20-day study.
Classilication: Acceptable
Non-target insect 885.4340 Invitro No adverse effects were observed on survival or 49315117
testing, insidious transcribed | rate of adult emergence in O. insidiosus nymphs
fower bug, DvSnf7







Data QCSPP Test Results Summary and Classification MRID
Requirement Guideline Substance No.

Classification: Supplemental

Nontarget N/A DvSnf7 No exact > 21 nt matches were found when the 49553306
erganism Sequence 240 nt DvSnf7 sense strand sequence was queried
biotnformatic against transcriptome sequence collections from

analysis 23 nontarget organisms.

Classification: Supplemental

E. Study Summaries for DvSnf7 dsRNA
1. Birds
Avian Dietary Toxicity

Broiler Chicken

A 42-day feeding assessment using Cobb x Cobb 500 brotlers (Gallus domesticus) was
conducted to compare the nutritional value of diets containing MON 87411 maize grain and a
near isogenic conventional maize control NL6169 with similar background genetics to MON
87411 (MRID 49315111). This study was originally submitted to support the seed increase
registration of MON 87411. Five additional diets containing maize grain representatives of the
population of commercial conventional maize varieties were included. Nutrient analyses of each
maize grain source were used to formulate diets having identical nutrient specifications, which
were fed to the broilers ad libitum throughout the study. Treatments were assigned to pens
randomly within five blocks of 14 pens each (seven male and seven female) with ten broilers per
pen for a total of 70 pens and 700 birds. Broilers were weighed on Day 0 and at the end of the
study just prior to processing to assess carcass yield. Pen feed intake was determined for the
duration of the study, and used to calculate feed to weight gain ratio.

There were no biologically relevant differences in broiler performance, which included
observations of average weight, average weight gain, feed intake, and feed:weight gain ratio;
carcass yield, which included carcass weight and weights of various carcass parts; or mortality
(mortality ranged from 0-0.8% across all treatments) between broilers fed diets containing MON
87411 maize grain and those fed diets containing near isogenic conventional control NL6169
maize grain. The study report does not state the percentage of grain in the diet; however, an
environmental risk assessment submitted by Monsanto Company (MRID 49505802) states that
the percentage of MON 87411 in the diet was 57%. While this is more than half of the diet,
expression of DvSnf7 dsRNA in MON 87411 grain (0.104 x 10 ug/g tissue dwt) and MON
89034 x TC1507 x MON 87411 x DAS-59122-7 grain (0.089 x 107 pg/g tissue dwt) is much
lower than in other plant tissues. This level of exposure is not a maximum hazard dose or
concentration that is typically required for Tier | nontarget organism studies, and it is also
unclear whether this amount is representative of environmental concentrations, since birds may
be exposed through routes other than consumption of corn grain (e.g., consumption of pest
insects that have consumed leaf or other tissue). Also, while the other variables measured (e.g.,
weights of vanous body parts) may indicate the nutritional performance of the grain, it is unclear
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what relevance they have to survival or reproduction of wild birds. While this study does
provide some insight into the potential for adverse effects in birds, particularly for extended
exposure periods (6 weeks), its usefulness in determining risk depends on the actual level of
exposure to birds in the field. Because of this limitation, the study was determined to be
supplemental.

Northern Bobwhite

Due to the limitations described for the study with broiler chickens, EPA required additional
guideline testing with birds in the deficiency letter issued during the review for the MON 87411
seed increase registration. Rationale was submitted in response, which was determined to be
sufficient for the limited, seed-increase registration; however, this study was required for the full
commercial registration. The required testing was to be performed at a higher concentration to
account for exposures in the field that may be higher, and was also required to be extended in
duration to ensure that latent effects that may result from gene silencing would be observed.

‘To address this requirement, Monsanto Company conducted an additional dietary toxicity study
with the Northern bobwhite (Colinus virginianus; MRID 49886501). The study was conducted
according to the OCSPP 850.2100 guideline, with some modifications that included extending
the exposure and observations period to 14 days. The study involved a single test concentration
(nominal: 1000 pg DvSnf7 per kg of diet) and a control group (deionized water). The diet used
in the study was a commercial game bird ration, and test diets were fed ad libitum for the
duration of the 14-day study. Each test group consisted of 30 birds (six pens per treatment, each
pen containing five birds), and birds were 14 days old at study initiation. All birds were
observed at least twice daily throughout the study for signs of toxicity and abnormal behaviors,
and survival and body weight (measured on individuals on Days 0, 7, and 14) were evaluated.
Feed consumption was determined for each pen at approximately 24-hour intervals from test
initiation to test termination on Day 14.

After 14 days of continuous dietary exposure to the DvSnf7 dsRNA at 1000 ug DvSnf7/kg diet,
no adverse effects on survival or weight gain were observed in the Northern bobwhite. Survival
was 100% in both test groups, and both proups gained 43 g body weight over the course of the
study. No overt signs of toxicity (e.g. convulsions, loss of coordination, etc.) or abnormal
behavior (e.g. hyperexcitability, lethargy, etc) were observed in the control or test substance
treatments, and food consumption did not differ significantly. Based on the results, the 14-day
dietary [.Csp for Northern bobwhite exposed to DvSnf7 was greater than a nominal concentration
of 1000 pg DvSnf7/kg diet.

The study generally followed the guideline described, with the exception of the concentration
tested. The concentration suggested for a limit test in the OCSPP 850.2100 guideline is 5000
ppm, whereas this study tested 1000 ppb or 1 ppm. Given that DvSnf7 is expressed at very low
levels in MON 87411 (e.g., highest mean dry weight expression level for any tissue was 97 x 10
3 pg/g in leaf [U.S. trials], and for grain was 0.104 x 107 pug/g dry weight [Argentina trials]) and
MON 89034 x TC1507 x MON 87411 x DAS-59122-7 corn tissue (e.g., highest mean dry
weight expression is 89.0 x 10 ug/g in leaves and 0.089 x 10 ug/g dry weight for grain), the
nominal amount tested was 10.3 times the highest mean dry weight expression level measured
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Freshwater Invertebrate Toxicity

This data requirement was addressed with the same rationale as described above, and was
determined to be supplemental for the same reasons.

4. Marine and Estuarine Fish and Invertebrates

As with freshwater environments, EPA anticipates that exposure levels to DvSnf7 in marine and
estuarine environments will be low, and that DvSnf7 will not persist in water. Data have not
been required to address toxicity to marine/estuarine fish and invertebrates for this proposed
registration; however, additional data will be required if information is received to cause these
exposure estimates to change.

5. Nontarget Plants

Data were not required because significant exposure to plants is not anticipated. More
discussion is provided in Section F below.

6. Nontarget Insects and Other Invertehrates

Nontarge! Insects

Lady Beetle

Larvae of the lady beetle, Coleomegilla muculata (Coleoptera: Cocinellidae), were tested in a
21-day study to determine the potential toxicity of DvSnf7 to this nontarget insect (MRID
49315114). Larvae were exposed to DvSnf7 in a test diet at 2 nominal concentration of 1000
ng/g of diet. A negative water control and a positive control of potassium arsenate were also
tested. Exposure to C. maculata to the three diets was replicated three times with 20 individually
housed insects per diet replicate for a total of 60 insects per diet treatment. All dietary exposures
were initlated with the first instar larvae, and the study was continued until all surviving control
and test insects developed to the adult stage. Survival, development to adult stage, development
time (days) to adult emergence, and adult biomass were observed. Mean percent survival at test
termination for the DvSnf7, negative control, and positive control diets were 92%, 90%, and
17%, respectively. None of the larvae fed the positive control diet developed to the pupa stage.
The mean percent development to adult for larvae exposed to the DvSnf7 and negative control
diets were 92% and 90%, respectively, and development time to emergence for both treatment
groups was 15 days. Mean adult biomass was 10.2 mg for both the DvSnf7 and control
treatments. The study authors reported a NOEC of > 1000 ng DvSnf7/g diet. The results of this
study show that exposure to DvSnf7 at the maximum hazard concentration of 1000 ng/g of diet
had no adverse effect on the survival, development, and growth of this species.

This study was originally submitted in support of the seed increase registration for MON 87411,

and was determined to be supplemental, but upgradeable, if raw data for the observations made
in the study and food consumption data or other information confirming equal food consumption
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of food containing test material, and if raw data were provided. This information was provided
and the study was upgraded to acceptable.

Carabid Beetle

In a 35-day dietary toxicity study, carabid beetles (Poecilus chalcites [Say]) were exposed to
DvSnf7 test material at a nominal concentration of 1,000 ng/g of diet (MRID 49315119). A
water assay control and a potassium arsenate positive control were also used. Exposure of the
carabid beetles to the three diets was replicated three times with 20 insects per diet for a total of
60 insects per diet treatment. All dietary exposures were initiated with the first instar larvae.
Survival, development to adult stage, developmental time (days) to adult emergence, and adult
biomass were measured. Mean percent survival at test termination for the test, control, and
positive control diets were 93%, 92%, and 65% respectively. None of the larvae fed the positive
control diet developed to the pupa stage. The lower survival and inhibited development of
insects fed potassium arsenate confirmed that the test system was capable of detecting toxic
effects through the dietary exposure; however, in most other studies test insects did not survive
the positive control treatment. The percent development to adult for larvae exposed separately to
test and assay control diets averaged 70% and 75%. For the test and assay control diet treatment
groups, the development time to adult emergence averaged 33 days. Adults that were fed test
and control diet treatments had mean biomass of 31.9 mg and 32.3 mg, respectively. The study
authors reported a NOEC of > 1000 ng DvSnf7/g diet. The results of this study show that
exposure to DvSnf7 at the maximum hazard dose concentration of 1000 ng/g diet had no adverse
effect on the survival, development, and growth of the carabid beetle, Poecilus chalcites.

This study was originally submitted to support the seed increase registration of MON 87411, and
was classified as supplemental, but could be upgraded if clarification was provided regarding the
typical mortality of P. chalcites exposed to potassium arsenate or explanation was provided of
the relatively high survival in this group. Additionally, confirmation of the food consumption,
and raw data on cumulative mortality, development time, and on adult biomass were requested.
This information was provided, and was sufficient to upgrade the classification of the study to
acceptable.

The EPA dsRNA white paper (USEPA 2013) discussed potential unintended effects of dsSRNA-
based pesticides, such as immune stimulation, over-saturation of RNAi machinery, and off-target
effects. Off-target effects may result from binding of siRNAs to genes other than those with the
target sequence (Birmingham et al. 2006, Jackson et al. 2003), which could result is unpredicted
downregulation of genes within the genomes of nontarget organisms. Due to uncertainties
regarding these potential unintended effects related to DvSnf7 exposure, EPA required two
additional studies with nontarget insects that specifically included reproductive endpoints for a
full commercial registration involving MON 87411. Only one study was available for the seed
increase registration (see below). Two additional studies were submitted, involving green
lacewing (Chrysoperila carnea Steph. [Neuroptera: Chrysopidae]) and rove beetle Aleochara
bilineata (Coleoptera, Staphylinidae).

Green Lacewing
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On Day 28, DvSnf7 treatment and toxic reference mortality of the original adults was 11.3% and
5.0%, respectively. Neither of these differed significantly (based on Fisher’s Exact Test, a =
0.05, from the control treatment mortality of 7.5%. The mean number of progeny produced per
replicate was 991.8 in the control treatment, compared with 1028.0 in the 1000 ng DvSnf7/g diet
treatment and 39.0 in the toxic reference treatment. Based on the nominal 1500 fly pupae
provided per replicate for parasitization, these results equate to parasitism success of 66.1% in
the control, 68.5% in the 1000 ng DvSnf7/g diet treatment and 2.6% in the toxic reference
treatment. The study authors reported a NOEC of 1000 ng DvSnf7/g diet. Based on the results,
there were no apparent treatment effects on the survival or reproductive success of the beetles
when exposed to DvSnf7 at 1000 ng /g diet. This study was classified as acceptable.

Honey Bees

Two studies with honey bees were submitied to support the registration of MON 87411,
including a study with adults (MRID 49315113) and another with larvae (MRID 49315112).

Honey Bee Adults

The study with adults evaluated the potential dietary effects of DvSnf7 on survival in a 14-day
continuous feeding study. Newly emerged adults (< 2 day old) were exposed to DvSnf7 at a
nominal concentration of 1000 ng DvSnf7/g dict., an assay control (no treatment}, and a positive
control (potassium arsenate at 20 pg/ml diet), each of which was present in a 50%
sucrose/purified water (w/v) solution. Each treatment group included 80 adult bees in four
replicates of 20 bees per replicate (one replicate per cage). Each cage was provided with
approximately 10 ml of the appropriate treatment diet solution and bees were allowed to feed ad
libitum. Bees from each treatment group were observed daily for mortality, abnormal behavior,
and appearance. No adverse effects on survival, behavior and appearance were observed, and a
NOEC for this study was reported to be 1000 ng of DvSnf7 test material/g diet. This study was
originally classified as supplemental, as it was unclear whether food consumption was similar
among all treatments. Clarification on this point was provided, and the study was upgraded to
acceptable.

Honey Bee Larvae

In a 17-day dietary toxicity study, honey bee larvae were exposed to a single dose of DvSnf7 test
material prepared at a nominal concentration of 1000 ng/g and delivered in a 10 pl aliquot of
30% (w/v) sucrose/purified water to each larval cell for a total mass of 11.3 ng DvSnf7/cell.
Additional treatment groups included an assay control (30% sucrose solution) and a positive
control (30% solution containing potassium arsenate at 2,000 pg/ml). Larva (2 to 3 days old) in
all groups were exposed to a single 10 pl dose of the appropriate treatment at study initiation and
observed over the course of larval/pupal development and adult emergence. Each treatment
group consisted of 80 honey bee larvae in four replicates of 20 honey bee larvae per replicate.
There was 100% survival in honey bee larvae treated with either DvSnf7 or the assay control.
Emergence of adult honey bees from the test larvae in both the DvSnf7 and the assay control was
initiated on the same day (Day 14), reached approximately 50% on Day 15, and reached 100%
on Day 17 in both treatments. There was no survival in the positive control confirming the
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included, nor were raw data on mortality and reproduction. Clanfying information and raw data
were provided and the study was upgraded to acceptable.

Field Evaluation of Arthropod Abundance

A field study (MRID 49553304) was conducted to determine whether MON 87411 maize
produces adverse effects on nontarget insect populations across three geographic locations:
United States, Argentina, and Brazil. Four to six sites were chosen within each geographic
location, and within each site MON 87411 and a conventional control (with similar genetic
background except for the insecticidal and herbicide tolerant traits) were tested for differences in
nontarget arthropod abundance and nontarget pest damage. Each site included plots with MON
87411, the conventional control, and four conventional reference maize varieties (which varied
across sites). At each site, nontarget arthropod abundance was determined using both sticky
traps and visual counts, and counts were conducted multiple times over the growing season. Pest
damage was also assessed using methods specific to each pest, and damage was assessed several
times over the growing season. Out of 121 individual site comparisons, only five significant
differences were detected between MON 87411 and the conventional control in nontarget
arthropod abundance. For pest damage, 56 comparisons were made, and significant differences
between MON 87411 and the conventional control were detected in three. These differences
were determined not to be biologically significant.

This study was originally submitted to support the seed increase registration for MON 87411.
EPA determined that the study provides some information on potential effects to arthropods in a
more realistic field setting, but that the study design presents uncertainties in the data, which
limits conclusions that can be drawn. It was unclear that the study, as designed, would detect
differences and provide strong indication that adverse effects do not occur in the field. Some
additional explanation was provided to address certain limitations; however, at issue are
primarily the small plot sizes and unknown distances between them. Plot sizes were small, and it
is unclear whether the plots were immediately adjacent or separated within the site. Monsanto
Company referenced Prasifka et al. (2005), which tested the effect of multiple plot sizes
{minimum size of 9 m x 9 m), and multiple separation distances (minimum distance of 45 m), on
detection of effects to arthropods in field studies. At one site in Monsanto Company’s study,
plots had sides measuring as small as 5 m, which could easily be crossed by insects of relatively
low mobility. The Prasifka et al. (2005) paper emphasized the importance of plot size when
effects are not expected, as well as the need to include sufficient distance to ensure
independence. Monsanto Company clarified the plot sizes used, but did not clarify the distance
between plots this is important for understanding the independence of the data between
treatments, since more mobile arthropods could move between plots with different treatments. It
is also important in understanding the potential impact of insects from outside the test area
moving into it, as this might dilute any effects that might be observed.

Initially, it was also unclear what other pesticide treatments were applied that could have
affected the detection of differences in pest damage, and Monsanto Company clanfied that all
plots were treated equally, and that pest damage assessments were performed later in the season
when pesticide use was minimal in the experimental area. Pest damage information is helpful as
an additional line of evidence to show that the DvSnf7 did not affect pests known to be
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information about the details of the exposure, but it appears in these cases that the dietary route
was probably the primary route leading to the observed activity. The SAP concluded that the
probable route in most cases is through the diet, but that contact exposure should be considered
on a case-by-case basis. They also concluded that there is not enough information on potential
barriers that limit uptake with contact exposure, and generalizations are not possible.

EPA Response

This response is limited to barriers that may exist to naked dsRNA, such as DvSnf7, and not
dsRNA that is stabilized or enhanced for uptake. EPA agrees that variation is expected among
barriers to uptake of dsSRNA; however, certain common physiological characteristics may
indicate common barriers across taxa of vertebrates. For example, birds and mammals both have
acidic stomachs and RNases in their blood. Barriers to uptake related to the dsRNA (e.g., its
large molecular size and hydrophilicity) will also have applicability across wide ranging
organisms with similar tissue types. While these characteristics may vary, it is likely that
redundant barriers exist within vertebrates to dsSRNA like DvSnf7. Therefore, for vertebrate
species, EPA is confident that these barriers contribute a line of evidence supporting a
conclusion that adverse effects are not expected for vertebrates. Since these barriers are less well
characterized for nontarget vertebrates other than humans, other information, including results of
toxicity testing and bioinformatic analyses, are still needed to support risk conclusions. EPA
agrees that such barriers are not well characterized for invertebrates, and there is less confidence
in making generalizations between species and across other taxa regarding barriers to uptake.

For DvSnf7, the contact route of exposure is not expected to play a large role in exposure of
nontarget organisms, especially since exposure levels expected in the environment are
anticipated to be low and DvSnf7 is not expected to persist. EPA agrees that contact exposure
should be considered on a case-by-case basis, and that DvSnf7 does not present a situation that
warrants this consideration.

3. Unintended Effects of dsRNA
SAP Recommendations

* EPA asked the SAP to commment on the nature, including the biological significance, and
likelihood of unintended effects that might be reasonably anticipated for nontarget organisms
exposed to dSRNAs. The SAP limited its discussion on unintended effects to considerations for
nontarget insects. This reasoning for this limitation was not explained in the report. The SAP
commented that unintended effects due to agricultural uses of dsRNAs may be likely due to the
potential scale of application, but noted that specificity could limit effects observed. The SAP
noted cases in which saturation of RNAi machinery and immunostimulation have been observed
in mice or cell cultures, but that these require a fairly high dose to cause deleterious effects and
have not been noted in invertebrates to date. The dose required for insects is not known, but may
have significant consequences. Off-target effects have been documented in many laboratory
studies, and may be a concern for nontarget organisms; however, knowledge gaps prevent
prediction of such effects with certainty.
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from Bt subsp. kurstaki, whereas Cry1A.105 is a modified Bt Cryl A protein. The ecological risk
assessment for event MON 89034 corm was most recently updated in 2010 (USEPA 2010c¢).

TC1507 produces the Bf subsp. aizawai Cry1F protein to control larvae of the European com
borer and other lepidopteran insect pests. A complete summary of the data submitted and the
ecological risk assessment for CrylF was updated most recently in 2010 {USEPA 2010b).

MON 87411 expresses Cry3Bb] in addition to the DvSnf7 dsRNA. Cry3Bbl is a delta-
endotoxin from Bt subsp. kumamotoensis that has specific activity against insects within the
Order Coleoptera. EPA determined that the Cry3Bbl1 insecticidal protein expressed by MON
87411 is biochemically and functionally equivalent to the Cry3Bbl expressed in MON 88017
corn {(USEPA 2015a). The Cry3Bbl protein expressed in MON 88017 was also determined to
be biochemically and functionally equivalent to Cry3Bbl expressed in MON 863 maize, and
both were determined to have no unreasonable adverse effects on nontarget organisms (USEPA
2010a). The ecological risk assessment for the seed increase registration of MON 87411 most
recently discussed the ecological risks of MON 87411 and determined that the data developed
for Cry3Bbl in MON 88017 and MON 863 supported the risk assessment of this protein as
expressed in MON 87411 (USEPA 2015b).

DAS-59122-7 produces the Bt strain PS149B1 Cry34Ab1 and Cry35Ab] proteins to protect
against coleopteran pests such as com rootworm. The most recent risk assessment and complete
description of data supporting its registration is available in USEPA (2010d).

B. Ecological Risk Assessment for MON 89034 x TC1507 x MON 87411 x DAS-
59122-7 corn

To bridge the ecological effects and environmental fate data of the individual proteins associated
with each parental event to a combined trait PIP product, the combined trait PIP must be
demonstrated as biochemicaily and functionally equivalent to their respective parental PIP
events. Biochemical equivalence is typically described in product analysis data submitted to
support the product registration. The functional equivalence is established by demonstrating that
the effects of the pesticidal mixture of the combined PIP product on a susceptible pest species are
comparable to the effects of each PIP pesticidal substance tested individually. Additionally, data
must be submitted to show that exposure is not increased due to greater expression of any PIP
pesticidal substance in the combined trait hybrid compared to the single-event parental lines.
These data were reviewed for MON 89034 x TC1507 x MON 87411 x DAS-59122-7 com in
(USEPA 2015a, USEPA 2016) and found to support bridging these data.

Interactions between the PIP pesticidal substances in the combined trait hybrid also must be
assessed to support bridging to data developed on the individual PIPs. This can be done by
comparing the larval mortality observed for the mixture with the predicted responses based on
the bioassay of each PIP pesticidal substance individually via sensitive insect bioassays. If there
is no greater mortality than expected over the range of concentrations in a sensitive pest species,
it is likely that there will be no synergism of the mixture against non-target organisms, and the
effect of a mixture on non-target organisms can be predicted from the effects of the individual
proteins alone. Therefore, data developed on the individual PIPs can be bridged to support the
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Data QCSPP Test Results Summary and Classification MRID
Requirement Cuideline Substance No.
DvSnf7, Southern microbially concentrations of DvSnf7 and Cry3Bbl at Glss,
com rootworm, produced Glsg, and Glgs levels for the individual proteins.
Diabrotica Cry3BbI Classilication: Acceptable
undecimpunctaia
howardi
Interaction of N/A In vitro The toxicity of Cry3Bb] protein to L. 49315121
Cry3Bbl and transcribed decemliineata does not change when exposed
DvSnf7, Colorado DvSnf7 and either to a lethal concentration of Cry3Bbl alone
potato beetle, microbially or simultaneously exposed to Cry3Bbl and 1000
Leptinotarsa produced ng DvSnf7 dsRNA/g diet.
decemiineata Cry3Bbl Classification: Acceptable
Interaction of N/A Lyophilized Growth inhibition (Glso) of ECB exposed to diet 49781806
CrylA.105, leaf material containing a range of concentrations of MON
Cry2Ab2, CrylF from MON 89034 x TC1507 x MON 87411 x DAS-59122-7
with DvSnf7?, 89034, combined trait corn leaf material did not differ
Cry3Bbl and TC1507, and | from the value predicted from MON 89034 and
Cry34/35Ab1, MON 89034 | TC1507 single trait corn. This study confirms that
European corn x TC1507 x activity of the proteins expressed by these events
borer Osrrinia MON 87411 | are additive, and are not impacted by the presence
nubialis x DAS- of the coleopteran active PiPs.
59122-7 corn | Classification: Acceptable

Interaction of N/A In vitro Growth inhibition (Glso) of SCR exposed to diet 49781805
DvSnf7, Cry3Bbl transcribed containing a range of concentrations of DvSnf7,
and Cry34/35Ab] DvSnf7 and Cry3Bbl, and Cry34/35Ab1 did not differ from
and interaction of microbially the value predicted from DvSnf7 alone and a
these three PIPs produced mixture of Cry3Bbl and Cry34/35Ab], There was
with a combination CrylA.105, also no indication of synergism when SCR were
of Cryl A.105, Cry2Ab2, tested with a combination of DvSnf7, Cry3Bb],
Cry2Ab2, and CrylF, and Cry34/35Ab1 against a combination of
CrylF, Southern Cry3aBbl, CrylA.10%, Cry2Ab2, and Cry|F at a fixed
corm rootworm, and concentration approximating early season root
Diabrotica Cry34/35Abl | expression levels.
undecimpunctata Classification: Acceptable
howardi

Synergism — Cry3Bbl and DvSnf7 in MON 87411

Svynergism in SCR

This study tested the potential for synergism in the sensitive insect species, southern com
rootworm (MRID 49505803). The study was conducted as a 12-day bioassay. The potential for
interaction between DvSnf7 and Cry3Bb1 was evaluated by comparing the LCsq values of a
lethal level of Cry3Bbl1 in the presence of DvSnf7 at a fixed sub-lethal concentration and a lethal
level of DvSnf7 in the presence of Cry3Bb] at a fixed sub-lethal concentration. The fixed sub-
lethal concentration for DvSnf7 and the Cry3Bb! protein used in the two binary mixtures was
equivalent to an ECjo value for growth inhibition determined in method development bioassays.
Cry3Bbl and DvSnf7 were also tested at lethal levels alone (not as part of a binary mixture).

Assay and buffer controls were included, and mortality was low (7% - 11%). The SCR

concentration responses for the Cry3Bbl protein alone and the Cry3Bbl1 protein in the presence
of a fixed sub-lethal concentration of DvSnf7 were nearly identical and this is reflected by
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